A step-impedance bandpass filter is presented for multimode wireless LANs. The filter has a new dual-band feature of two tunable passbands at desired frequencies and high out-of-band suppression, generated by incorporating step-impedance resonators in a comb-filter topology. It saves more than half the circuit size compared with the switch-type dual-band topology. The simulation and measurement results show the dual-band feature of two passbands at 2.45 and 5.75 GHz with 85 dB suppression at 3.5 GHz.
Introduction: The increasing demand of wireless communication applications necessitates RF transceivers operating in multiple separated frequency bands such that users can access various services with a single multimode handset or terminal. For example, for secondgeneration GSM and third-generation WCDMA mobile communications, the RF transceiver must be able to receive and transmit 900 MHz and 1900 MHz signals. High-speed wireless LANs, offering users up to 54 Mbit=s wireless access service, operate at 2.4 and 5.2 GHz bands. To accommodate this dual-band RF signal reception and transmission into a single RF transceiver, Wu and Razavi [1] and Ryynanen et al. [2] designed the RF front-end by switching between two separated 900 and 1800 MHz RF front-end circuits. This architecture increases component count, circuit size and power consumption. Another RF front-end architecture, called the concurrent dualband receiver [3] , integrates both RF front-end circuits into a single circuitry such that the chip footprint and component count can be reduced. In this approach, circuits such as the RF selection filter, the transmit-receive switch and the low-noise amplifier must have a new feature of two simultaneous passbands at separated centre frequencies with adequate out-of-band suppression. Miyake et al. [4] designed a dual-band filter with the LTCC technique for multimode GSM, where two single-band bandpass filters are stacked together, one for 900 MHz on the upper four layers and the other for 1800 MHz on the lower four layers. Each filter has its own input and output ports such that extra input matching and output matching networks are needed to combine them. This design actually belongs to the switchtype topology.
In this Letter, a new dual-band bandpass filter is proposed, which generates two passbands located at any two desired frequencies through a single filter circuitry. The high-selective dual passband effect is generated by the step-impedance resonators inter-coupled in a similar topology as the classical comb filter.
Circuit design: The schematic diagram of the proposed stepimpedance-comb filter is shown in Fig. 1 , which consists of two step-impedance resonators inter-coupled in the comb-filter topology. The feature of tunable dual passbands originates from multiple resonances of the step-impedance resonator, as shown in Fig. 2 , where the step-impedance resonator has the total electric length y T ¼ 2y d þ y a and the impedance ratio k ¼ Z d =Z a . It has been shown that the odd-and even-mode resonances exist with the resonance conditions given below [5, 6] Next, the step-impedance resonators are inter-coupled with the same topology as the comb filter [7] , i.e. all resonators have the same orientation, as shown in Fig. 1 . The advantage of the comb arrangement is that a transmission zero at f zero can be generated by the coupled section of resonators when the coupled length is equal to a quarter of wavelength at f zero . This extra transmission zero helps to use a lower order of filter topology, i.e. fewer step-impedance resonators are required. It is worth mentioning that the actual transmission zero occurs below f zero due to the unequal even-and odd-mode velocities of the coupled section. As a demonstration example, a dual-band bandpass filter for IEEE802.11a=b=g Wireless LAN at 2.45 and 5.75 GHz was designed. The initial circuit size obtained in the previous paragraph (k ¼ 0.63, y a ¼ 76. 7 and y d ¼ 38.3 at 2.45 GHz) is opti-mised by a 2.5D EM simulator, Sonnet, to include the effects of layout discontinuities, unequal odd-and even-mode velocities, and parasitic coupling among non-adjacent microstrip lines. The optimised circuit parameters are Z a ¼ 80. Fig. 3 , shows that two passbands exist at the desired 2.45 and 5.75 GHz and an out-of-band transmission zero at 3.5 GHz. This tunable dual-band feature is that which the classical hairpin filter cannot achieve.
Measured performance: Fig. 4 shows the photograph of the implemented microstrip step-impedance-comb filter and the measured results are shown in Fig. 5 . On the proposed step-impedance-comb filter, two passbands at respective frequencies of 2.45 and 5.75 GHz are obtained, which agree well with the simulation. In the low-band at 2.45 GHz, the insertion loss is <3.6 dB and the return loss >15 dB. In the high-band and at 5.75 GHz, the insertion loss is <2.6 dB and the return loss >10 dB. Between these two passbands, a transmission zero at 3.4 GHz is clearly observed, which gives 85 dB rejection. The outof-band suppression of the proposed filter outperforms the classical hairpin filter. Conclusion: A new step-impedance-comb filter is proposed, which has a unique dual-band feature of two tunable passbands at any desired frequencies with strong out-of-band suppression. The dualband feature is generated by properly controlling the impedance ratio of the step-impedance resonator. The high out-of-band suppression is given by the comb-like inter-coupling topology, where both the intercoupled length and the coupling coefficient determine the transmission zero frequency. A microstrip dual-band bandpass filter was implemented and the measurement results show that dual passbands are obtained at the desired 2.45 and 5.75 GHz and the out-of-band suppression >85 dB is achieved at 3.4 GHz. This structure takes less than half the size compared with the structure of switching between two single-band bandpass filters and is feasible for LTCC and MEMS technologies for further low-profile implementation.
